Abstract. This paper attempts to identify factors that may influence the gap acceptance behavior of drivers who turn left from the major road at unsignalized intersections. Drivers' accepted and rejected gaps as well as their age and gender were collected at six unsignalized intersections with both two and four lanes on the major road, with and without the presence of a Left-Turn Lane (LTL), and with both high and low Speed Limits (SLs). Whether or not a driver accepts a given gap was considered as a binary decision and correlated logit models were used to estimate the probability of accepting a gap. Models with different factors were tested and the best model was selected by the quasi-likelihood information criterion. The gap duration, the number of rejected gaps, the mean and total time interval of the rejected gaps and the gender of the driver were all significant in explaining the variation of the gap acceptance probability, whereas the number of lanes of the major road, the presence of LTL, the SL and the driver's age category were not. Gap acceptance probability functions were determined based on the best model, including both the factors of the number of rejected gaps and the mean time interval of the rejected gaps. As the values of these two factors increase, the probability of accepting a given gap rises up. The developed model can be further applied in practice to improve the analysis of traffic operations and capacity at unsignalized intersections.
Introduction
At two-way stop-controlled unsignalized intersections, traffic of lower priority must yield to traffic of higher priority. For example, drivers on the major road turning left must seek for gaps between oncoming vehicles to decide when it is safe and comfortable to execute the turning maneuver. Consequently, capacity analysis of unsignalized intersection is founded upon a clear understanding of the interactions between drivers with different levels of priority, of which gap acceptance theory is an important part.
A driver's critical gap cannot be directly measured, but lies between the largest rejected gap and smallest accepted gap by a driver. Many researchers have proposed different definitions and estimation procedures for the critical gap parameter. According to the Highway Capacity Manual (2000) -HCM, the critical gap is the minimum time interval between vehicles in a traffic stream that is acceptable for the driver to complete a conflicting maneuver. It is estimated by the maximum likelihood method assuming that drivers are homogeneous and consistent, i.e. they are expected to all behave the same way and will accept all gaps that are larger than the critical gap and reject all smaller gaps. The base values of the critical gap and follow-up time (the amount of time needed for a second vehicle to tag along behind the lead vehicle in addition to the critical gap) for passenger cars are provided for all non-priority manoeuvres at an unsignalized intersection. For permitted left turns from the major street, the base value of critical gap is 4.1 s for both two-lane and four-lane major streets. Adjustments are made to account for the proportion of heavy vehicles and the approach grade. Once the critical gap is determined according to the procedures in the HCM, the potential capacity of each minor traffic stream can be computed using the gap acceptance model:
exp 3600 1 exp 3600
where: c -potential capacity of the minor movement [veh/h] ; v -conflicting flow rate for the subject movement [veh/h] ; t c -critical gap for the subject movement; t f -follow-up time for the subject movement. Smaller values of critical gap and follow-up time result in increasing capacity; larger values result in decreasing capacity. As a commonly accepted method which has been applied worldwide, the HCM method of estimating the critical gap has some limitations. First, the HCM method, along with many others, treats the critical gap as a deterministic single value for accepting or rejecting a gap, which may not conform to the drivers' behavior in reality. Alternatively, other researchers have proposed probabilistic methods to model drivers' gap acceptance behavior, in which the critical gap is defined as a gap value that fifty percent of drivers would accept, or in other words, the probability of accepting the critical gap is 0.5 (Dissanayake et al. 2002; Yan et al. 2007) , and thus the critical gap can be determined by using a gap acceptance probability function. Secondly, while the HCM provides gap values that can be conveniently used in a broad range of conditions, more accurate values of the critical gaps may be obtained by field observation to account for site-specific conditions. When turning left from the major road, such factors as the number of lanes to be crossed, the presence of Left-Turn Lanes (LTLs) on the major road, and the speed of oncoming traffic as well as the traffic density may all affect the critical gap value. For instance, drivers may require longer gaps for crossing two lanes of oncoming traffic than just one lane of traffic; they may feel pressure waiting in the same lane as through vehicles when there are no left-turn lanes and thus accept shorter gaps; they may become more conservative when crossing high speed oncoming traffic; however, they may become impatient waiting for a safe gap from the dense oncoming traffic and take risky behavior. Thus, individual driver's gap acceptance behavior may change with time and conditions. Moreover, the driver's own characteristics, such as age and gender, etc., may also have impact on their gap acceptance behavior.
Consequently, the objective of this study is to investigate through field studies the individual driver's gap acceptance process and develop a model that more complies with the real-world driving behavior. The study focuses on drivers making left turns from the major road at unsignalized intersections and their gap acceptance behavior is expected to be influenced by factors like intersection layout, conflicting traffic flow and driver's own characteristics. The study data were collected at six unsignalized intersections in the State of Connecticut, USA, with both two and four lanes on the major road, with and without the presence of a LTL, and with both high and low Speed Limits (SLs). Drivers were observed turning left from the major road and their accepted and rejected gaps along with their age and gender were observed. Statistical analysis was conducted to identify factors that are significantly associated with whether or not a gap was accepted. Gap acceptance probability functions were determined, and detailed discussion and conclusions were provided at last.
Literature Review
Many different methods exist for the estimation of critical gap at unsignalized intersections, which lead to different calculation of capacity. Brilon et al. (1999) provided an overview of the important methods and recommended the maximum likelihood method for practical application. McGowen and Stanley (2012) in a recent study proposed an alternative model for estimating the critical gap, which could yield accurate estimates of the mean critical gap as long as accurate estimates of the major street traffic were given. Vasconcelos et al. (2013) compared different methods to estimate critical headway at roundabouts and suggested that locally calibrated parameters should be used for capacity calculations.
Meanwhile, extensive research using probabilistic and behavioral approaches have been conducted to study the influential factors of drivers' gap acceptance behaviour and found that the critical gap parameter could be dependent on a variety of factors. First, the gap duration was the most obvious factor and the longer the gap, the more likely it would be accepted by drivers (Ale xander et al. 2002; Yan et al. 2007; Devarasetty et al. 2012; Zohdy, Rakha 2012; Zohdy et al. 2011 Zohdy et al. , 2010 Beanland et al. 2013) . Another factor was the travel speed of the opposing traffic. Davis and Swenson (2004) found that the probability of a driver accepting a gap would increase as the speed of the oncoming vehicle increased, indicating that drivers might underestimate the time-toarrival of vehicles under high-speed environment. Some other researchers investigated the effects of opposing vehicle travel speed and the driver characteristics together. For example, Staplin and Lyles (1991) conducted a study on the effect of vehicle speed on the minimum gap accepted by drivers turning left and found that older drivers were relatively insensitive to vehicle approach speed in left-turn situations. Yan et al. (2007) used a driving simulator to study the effects of major traffic speed and driver age and gender on gap acceptance behavior and demonstrated that older drivers, especially older female drivers are more conservative when executing left turns. This was consistent with the findings by Alexander et al. (2002) that the shorter the gap, the lower the probability of it being accepted by elderly or female drivers compared to non-elderly or male drivers. Whereas age and gender were the most frequently investigated driver characteristics, Pollatschek et al. (2002) defined individual critical gap for risk-loving and cautious drivers and presented a decision model based on evaluation of the risk associated with not accepting small gaps against the potential benefit of accepting them. To account for driver differences in gap acceptance behavior, many microscopic simulation programs, such as the widely used software VISSIM, allow the specification of different driver classes.
Previous studies also reported that drivers' gap acceptance behavior related to the traffic conditions, especially to the waiting time at the stop-line. To some extent, the waiting time indirectly reflected the density of the conflicting traffic flow and the longer a driver waited, the more likely he accepted shorter gaps. Polus et al. (2003 Polus et al. ( , 2005 proposed a behavioral approach and showed that the wait time had a significant effect on the critical gap of entry into a roundabout, particularly on gaps in the range of 2 to 5 seconds. Thus roundabout capacity for this range of critical gaps is higher than that proposed by the HCM. Zohdy et al. (2010) pointed out that the acceptable gap duration for permitted left-turn maneuvers decreased as a function of the driver's wait time. Rakha et al. (2011) found that drivers become more aggressive as they waited longer. Devarasetty et al. (2012) showed in their research that total wait time was significant in predicting the probability of accepting or rejecting a gap for a left-turn vehicle from the major road. On the contrary, Kaysi and Abbany (2007) formulated a behavior model that predicted the probability that a driver performed an aggressive manoeuvre as a function of a set of driver and traffic attributes. However, it was found that the total wait time for the driver while waiting for an acceptable gap was of little significance in incurring the forcing behavior. Generally, researchers recommended adopting different critical gap values in different traffic conditions (Cassidy et al. 1995; Devarasetty et al. 2012) .
In addition, the impact of inclement weather on gap acceptance behavior has been studied in recent years. It was indicated that the critical gap changed as a function of the rain intensity, and drivers were more conservative during snow than rain (Zohdy et al. 2010 Zohdy, Rakha 2012; Rakha et al. 2011) . Moreover, visibility conditions (day/night) also influence driver's gap acceptance (Dissanayake et al. 2002; Alexander et al. 2002) .
When using the probabilistic approach to model drivers' gap acceptance behavior, logistic models were often developed to relate the influence factor to the drivers' gap acceptance decision, and model coefficients could be estimated by a Generalized Linear Model (GLM). The inferences about the regression coefficients were based on the assumption that it approximately followed a normal distribution given the sample size was large. If such assumption did not hold, alternative method might be used to solve the model parameters, such as Bayesian or bootstrap approaches . The major advantage of these methods was that they might be applied with relatively small sample size, not requiring the assumption of the distribution of the parameters.
Regarding the research data, in the literature researchers generally used either experiments by driving simulators (Alexander et al. 2002; Yan et al. 2007; Beanland et al. 2013) or field observations Davis, Swenson 2004; Polus et al. 2003 Polus et al. , 2005 ) to obtain drivers' gap acceptance data. The merit of using driving simulator is obvious that the driving experiments can be elaborately designed and controlled, and the results are repeatable. However, data collected from the field may better reflect the real-world behavior, and thus yield more valid results.
Furthermore, from the safety perspective gap acceptance is a critical maneuver for drivers turning or crossing the intersection and poses potential crash risks. Thus, Intersection Decision Supporting (IDS), either a road-side system or an in-vehicle system, has been investigated by researchers to assist drivers in making safer gap acceptance decisions (Laberge et al. 2006; Creaser et al. 2007; Becic et al. 2012; Zohdy, Rakha 2012) . Varying levels of dynamic information about the traffic conditions may be presented to drivers through IDS and exerts different effects on drivers' gap selection. The provision of advisory information by IDS should be based on a comprehensive study of the potential influence factors of drivers' gap acceptance behavior.
In this study, the method of field observations was used aiming to further contribute to the understanding of the factors affecting the gap acceptance behavior of drivers making left turns from the major road at unsignalized intersections. Specifically, the effects of the presence of a LTL, the number of lanes being crossed and the speed of the conflicting traffic are being investigated as well as the driver's age and gender. The conflicting traffic condition is an important factor because the gap distribution depends on it. However, it is difficult to determine an appropriate microscopic variable to directly represent the varying traffic condition during an individual driver's gap selection procedure. In this study, the number of rejected gaps, the mean value of the rejected gaps and the total interval of the rejected gaps by each driver are examined. These variables are expected to reflect the traffic condition better than the wait time that has been used in most previous studies. Thus, they may be more closely related to the driver's gap acceptance behavior.
Study Design
The first step of this study was to select the intersections for field observation. For consistency of driver behavior, the focus of the study was at unsignalized intersections with stop control only on the minor road approaches. Both high-speed locations (SLs ≥ 45 mph) and low speed locations (SLs < 45 mph) were included to account for differences of gap-acceptance behavior under different speed levels. Locations with two and four traffic lanes on the main road, and with and without a LTL for the subject maneuver, were also included. This resulted in a total of eight different possible combinations of these features. To select appropriate sites, it was critical that the volume of the through traffic and left-turning traffic at each location be high enough so that there was a need for drivers to wait and evaluate whether the gap was suitable for the turning maneuver. In addition, the locations selected should be convenient for the setup of cameras that were used to assist in data collection, and locations with noticeable grades should also be avoided.
The Connecticut Department of Transportation (ConnDOT) photolog system, a collection of digital video images of the entire State-maintained road network, was used to locate candidate intersections. Site visits were also conducted to evaluate the traffic-related criteria. However, no intersections with both high SL and LTLs were found because such intersections either were signalized or had very low through and left turning traffic volumes. Finally, six intersections were chosen, with one for each of the six intersection types, coded as 2NH, 2NL, 4NH, 4NL, 2YL, and 4YL. The codes were defined as follows:
-2 -2 lane major road; -4 -4 lane major road; -N -without LTL; -Y -with LTL; -H -high SL (≥ 45 mph); -L -low SL (< 45 mph). Digital video recordings were made of drivers turning left from the major road and their gap acceptance behavior at each intersection. The video was processed later in the lab to extract data needed such as the time when the left turning vehicle arrived, the gap length in the oncoming traffic, and whether or not the gap was accepted by the driver. Drivers' age and gender were observed on site (without attracting the drivers' attention) since the video was intentionally not detailed enough to identify drivers. The arrival time and vehicle color and type were also noted for each driver in order to easily identify the vehicle later in the video. The drivers' information was then linked with their gap acceptance observations. Lags were not observed in this study.
In order to get reasonably accurate age estimates, two observers were trained in judging a person's age prior to the observation. About 40 volunteers who were willing to reveal their ages were used for this training. The observers were asked to estimate the person's age and the real age was revealed immediately afterwards. It appears that the estimates made later in the training period were more accurate than earlier ones, indicating that observers were improving on their ability to estimate age differences during this process. In more than 80% of these age observation tests, the estimated age by the observers was within a 5-year range of the person's true age.
In this paper, to investigate the possible age differences in gap acceptance behavior, drivers were classified into four age categories: 1) age < 25; 2) 25 ≤ age < 45; 3) 45 ≤ age < 65; 4) age ≥ 65. Drivers of age older than 65 are commonly accounted as elderly drivers in many countries, who are expected to exhibit more conservative behavior compared to other drivers. For drivers younger than 65, we further classified them into three groups, representing young, young to middle-aged and middle-aged drivers, respectively, and behavior differences among them will also be examined in this study. The data recorded for each gap include the gap length (in seconds), the age and gender of the driver, the attributes of the intersection where this gap was observed, and whether or not the gap was accepted. Then, the number of rejected gaps, the mean time interval of the rejected gaps and the total time interval of the rejected gaps were also calculated. Table 1 lists the number of left turning drivers and the number of gaps observed at each intersection, along with the intersection characteristics. One-hour traffic counts of the subject road segment V1 and the oncoming road segment V2 were also obtained at each intersection for reference. Since a driver may possibly reject several gaps before accepting one to execute the turning maneuver, the total number of gaps observed is far more than the number of drivers. A total of 967 drivers with 4652 gaps at six intersections were observed, about five gaps per driver on average. A wide variety of gap lengths was observed, with many much longer than 10 s (the highest value we tabulated), and also many gaps shorter than 2 s, and all values in between. Table 2 lists statistics of the gaps observed for each intersection.
Methodology

Correlated Logit Model
Whether or not a driver accepts or rejects a given gap could be considered as a binary decision, and logit models are often used in this case to identify variables associated with binary decisions. Observing the data, the total number of gaps is more than the number of drivers, since a driver may reject several gaps before he finally accepts one. In other words, driver i may come across n i gaps, where 1 i n ≥ . If the response variable is coded as 1 ij y = when the jth gap (j = 1, …, n i ) for driver i is accepted and 0 ij y = when it's rejected, it's obvious that y ij (j = 1, …, n i ) are not independent but correlated binary random variables. Ordinary binary models cannot explain the correlation among these dependent variables. Instead, a correlated binary model was used to identify factors that have significant effects on gap acceptance decisions. The model was in the form of:
where: p ij is the probability that driver i accept gap j, j = 1, …, n i ; ij x′ is the vector of the covariates of the jth gap for driver i, j =1, …, n i ; b is the vector of regression coefficients.
The factors under study included the gap length, the number of rejected gaps n rej , the mean m rej and total time interval t rej of the rejected gaps, the number of lanes on the major road, the presence or absence of a LTL, the SL, as well as the driver's age category and gender. Except the first four variables, others were all categorical variables, as coded in Table 3 . The age category had four levels so 3 indicator variables were created, using the age category 4 as the reference level. The variable age1 was coded as 1 if the driver was in age category 1 and 0 otherwise, and age2 and age3 was coded in the same manner. Sample records were shown in Table 4 . It showed a female driver rejecting 4 gaps (1.9, 3.8, 4, and 6.1 s) and accepting the fifth gap (7 s). Thus, there were five records for this driver, and in each record, the number of rejected gaps, the mean and total time interval of the rejected gaps were calculated. Models were estimated using GLM with binary response in SAS®. Generalized Estimating Equations (GEE) were used to account for the correlation among the response variable y ij within the same driver i. In SAS, the GEE solution is requested by using the REPEATED statement in the GENMOD procedure.
Generalized Estimating Equations
GEE is an extension of GLM in that they allow adjusting for correlation among the responses. Data are modeled using the same link function, but the covariance structure of the correlated measurement must also be modeled. Let y ij , 1, ..., i j n = , 1, ..., i K = , represent the jth measure on the ith subject, with corresponding mean m ij , and let ( ) i R α be a i i n n × working correlation matrix that is specified by the vector of parameters a. The covariance matrix of Y i can then be modeled as:
where: A i is a i i n n × diagonal matrix with ( ) ij Var µ as the jth diagonal element and f is the dispersion parameter. Many correlation structures are available, including fixed, AutoregRessive(1), exchangeable, independent, m-dependent, and unstructured. When the structure is autoregressive AR(1), the correlation between y ij and 
where: there are missing data, i.e., y ik is missing for all j k ≥ , the GENMOD procedure can estimate the work- Eq. (3) ; b is then updated by:
and then iterated until convergence. Statistics that are helpful in assessing the goodness of fit of an ordinary generalized linear model (i.e. how well the model fits the observations) is not applicable when the GEE method has been used. The Quasi-likelihood Information Criterion (QIC) as a modification of the Akaike Information Criterion (AIC), and QIC u as an approximation to QIC are applied to models fitted with GEE. It is noted that QIC is appropriate for selecting regression models and working correlations, whereas QIC u is appropriate only for selecting regression models. Tables 5-7 , three categories of models were estimated, in which the effects of the total time interval of the rejected gaps, the number of rejected gaps, and the mean time interval of the rejected gaps were investigated, respectively. For each category, first a model with all of the main factors and two-way interactions as well as possible three-way interactions was fitted to the data. All of the non-significant interaction terms were removed and a new model with the main factors and the remaining interactions was then estimated. Then, the non-significant interaction terms and main factors identified in the model were removed and the model with the remaining variables was fitted. This procedure continued until all the variables in the model were significant (none of the interactions were significant).
Results and Discussion
Modeling Results
As shown in
For the purpose of analyzing the effects of the factors, three models were displayed in each category. For example, in Table 5 , the intercept, gap duration, the total time interval of rejected gaps, the gender were all significant through Models 1-3, but the number of lanes, the presence of LTL, the SL and the driver's age category were not. Comparing the three models, the parameter estimates for the same variable did not show much difference, indicating the consistency of the results. Similar results were obtained in Models 6-7, in which the number of lanes, the presence of LTL, the SL and the driver's age category were generally not significant. The models including the number of rejected gaps (Table 6) showed lower QIC and QIC u compared with models with the total time interval of the rejected gaps (Table 5 ) and the mean time interval of the rejected gaps (Table 7 ). This may indicate that the number of rejected gaps can better explain the variation of the driver's gap acceptance behavior than the others. The parameter estimates were positive, meaning that with an increase in the number of rejected gaps, the probability of accepting a given gap went up accordingly.
In Table 8 , three simplified models were presented with those insignificant factors removed. In Model 11, the number of rejected gaps and the mean time interval of the rejected gaps were fitted simultaneously. Compared with Model 12, including only the number of rejected gaps, Model 11 had a little bit lower values of QIC and QIC u . The parameter estimates for the gap, the number of rejected gaps, and the mean time interval of the rejected gaps were all positive, suggesting that as the values of these variables increased, the probability of drivers accepting the gap increased; whereas that for the female was negative, meaning that the probability of accepting a gap is lower for female drivers. With the best fit statistics, Model 12 was finally selected as the gap acceptance model for further investigation.
Gap acceptance probability function
By assuming an equal percent of male and female drivers turning left (Gender = 0.5), the gap acceptance probability function can be obtained as shown in Eq. (6) 
where: p is the probability for a driver to accept a given gap; Gap is the given gap duration [s]; m rej is the mean duration of the rejected gaps; n rej is the number of rejected gaps. Fig. 1 displays the gap acceptance probability curve for different number of rejected gaps n rej . It shows that the probability of accepting a given gap is increasing as the number of rejected gaps rises. For instance, in Fig. 1a , when the mean time interval of the rejected gaps is 1 s, the probability of accepting a 4-second gap is 0.14 for n rej = 1, while it is 0.32 for n rej = 15. To examine the effects of the mean time interval of the rejected gaps, Fig. 2 shows that as values of this factor increase, the probability goes up accordingly. For instance, in Fig. 2a when only one gap is rejected, the probability of accepting a 4-second gap is 0.14 for m rej = 1, and this probability increases to 0.21 for m rej = 4. Similarly, in Fig. 2b with fifteen gaps rejected, this probability increases from 0.31 to 0.42. Notes: *significant at 95% confidence level; **significant at 99% confidence level. Notes: *significant at 95% confidence level; **significant at 99% confidence level. Notes: *significant at 95% confidence level; **significant at 99% confidence level.
Discussion
Driver's gap acceptance behavior is of great importance in determining the capacity of minor traffic movement at the intersection and it may be affected by various factors. Firstly, it was expected that drivers would reasonably accept longer gap on four-lane roads than on two-lane major road because it would take more time to cross two lanes of traffic. Also, when there is no LTL, it was expected that drivers would be more willing to accept lower gaps to avoid waiting in a through traffic lane exposed to potential rear end collisions. However, by observing the collected data, the opposite of these expectations occurred frequently. Initial analysis found that the two-lane road and absence of a left-turn lane were generally correlated with lower intensity of the traffic flow, leading to more conservative behavior in the gap acceptance. On the contrary, four-lane roads and the presence of a left-turn lane are correlated with more intense traffic conditions so that drivers felt it necessary to be more aggressive in order to complete the maneuver. Thus, the different gap acceptance behavior at intersections may be more related to the traffic conditions rather than to the intersection layout. This is reflected in the Notes: *significant at 95% confidence level; **significant at 99% confidence level. As found in the existing research, the gap duration is one of the influential factors for drivers' gap acceptance decision. Basically, longer gaps have higher probability to be accepted if other factors in the proposed model remain the same. Previous findings also showed that drivers were insensitive to the speed of the oncoming traffic as they selected a gap to make a permitted left turn (Staplin, Lyles 1991; Davis, Swenson 2004) . In this study, the SL of the major road (high vs. low) is used to reflect the travel speed of the vehicles. It is shown that this factor is still insignificant in explaining the differences in drivers' gap acceptance. However, the result is based on analysis of SLs ranging from 30 to 45 mph. Future study may be conducted with a wider range of speed differences, With regard to individual characteristics, the driver's gender is significant in their gap acceptance selection. Female drivers are generally more conservative and less likely to accept a given gap than male drivers, as found in previous studies (Alexander et al. 2002; Yan et al. 2007 ). However, the age category is not significant. One explanation is that although elderly drivers were expected to be more conservative than younger drivers, this effect may only play a part in certain conditions, for example, with limited visibility at night time. But in our study, all data were collected in the daytime with clear visibility and elderly drivers did not have difficulty judging the gap size and complete the gap acceptance behavior. On the other hand, as we know, elderly drivers generally response and react more slowly than younger drivers, and thus if elderly drivers exhibit no significant differences from other drivers in gap acceptance, it may indicate that the left-turn maneuver posed higher risk to them. The safety of elderly drivers' gap acceptance behavior needs further investigation.
Traffic conditions at the intersection should be a major factor influencing the driver's gap acceptance behavior. In this paper, the number of rejected gaps, and the mean and total time interval of the rejected gaps by each driver, which has been rarely studied by others, are analyzed, because it is expected that these indices can be used to measure the intensity of oncoming traffic and thus may explain the effects of traffic conditions on the variation of drivers' gap acceptance behavior. The models show that as the values of these factors increase, drivers are more likely accept shorter gaps. The total time interval of the rejected gaps is the product of the number of the rejected gaps and the mean time interval of the rejected gaps. However, the model including the latter two factors yields better statistics of goodness of fit than the one including only the prior factor. This may be explained by the fact that drivers are generally not able to give accurate estimates of the total time elapsed, but are more sensitive to the number of the gaps they reject and the interval of each rejected gap. Since these factors have been rarely studied before, the findings provide some new insights into the effects of traffic conditions on drivers' gap acceptance behavior.
Conclusions
Gap acceptance theory is the basis for capacity analysis of unsignalized intersections. In practice, however, driver's gap acceptance process has usually been simplified. For instance, in some traffic simulation software, a critical gap is defined and gaps larger than it would be all accepted and gaps smaller than it would be rejected. Obviously, this does not comply with the real conditions. If a model can integrate the factors that have significant effects on the driver's gap acceptance behavior and can be put into application, it may better represent real traffic operations and yield more accurate capacity analysis. This paper focused on the gap acceptance behavior of left turning drivers from major road and a number of factors were studied which were expected to have effects on the driver's gap acceptance behavior. The major findings are listed as follows.
-Although intuitively it is thought that driver's gap acceptance behavior should be affected by the intersection layout, the modelling results show that the presence of a LTL and the number of lanes on the major road have no significant effects on the driver's probability of accepting a given gap. Meanwhile, the effect of the SL on the major road is insignificant too. Thus, the gap acceptance model can be simplified excluding these factors. -Driver's gender also has a significant effect on the gap acceptance behavior. Female drivers are more conservative than male drivers in accepting a given gap, which is indicated by the odds ratio value of 0.55. On the other hand, no age difference has been found in the driver's gap acceptance behavior. -The number of rejected gaps, the mean and the total time interval of the rejected gaps are all significant in explaining the variation in the driver's gap acceptance behavior. The model with both the number of rejected gaps and the mean interval of the rejected gaps has the best model fit and is selected as the gap acceptance model. With the increase in the values of these two factors, the probability of accepting a given gap also rises up. Further studies may be conducted on how to improve the model and apply it in practice to assist in analyzing the traffic operations and capacity at the unsignalized intersections. Data from a larger number of intersections controlling for specific features would be necessary to obtain results that are more readily transferable to other contexts. Moreover, the findings may be applied to intersection decision supporting systems to assist drivers in their gap acceptance decisions, but the effects of the system itself on drivers' behavior require thorough research in the future.
